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It is apparent from the experimental data dealing with radioactive iron  ~ 
given  below that  after  absorption  has  taken  place  the iron  is  utilized 
promptly in the body and appears as hemoglobin in red cells in the circula- 
tion within a  relatively few hours.  Traces of radio-iron are found in  red 
cells 4  hours after feeding a  single small dose of this metal to the fasting 
anemic dog.  Within 24 hours the radio-iron is present in red cells in con- 
siderable  amount  and  can  be  shown  to  be  present  in  the  crystallized 
hemoglobin. 
This rapid turnover of iron was stressed by Hahn and Whipple (5)  in a 
recent paper dealing with iron absorption and analyses of blood-free tissues 
in the dog.  The radio-iron experiments make it apparent that the speed 
of utilization of iron is  even more spectacular  than  was  then suspected. 
It will be noted (Table 1) in the radio-iron experiments that absorption 
of iron is never complete under these conditions.  The standard dose of 
40 rag.  "neutral"  (non-radioactive) iron per day for 2 weeks yields about 
50 to 55 gin. new hemoglobin which represents a 30 to 35 per cent absorp- 
tion.  It is believed (2, 5, 6) that under the conditions of these experiments 
in a dog with reserve iron stores exhausted by prolonged severe anemia, the 
new hemoglobin produced is a  true measure of the iron absorbed.  As the 
iron dose is increased the percentage of iron absorption decreases and with 
tenfold increase in the iron dose (400 rag. Fe) the absorption and utilization 
is only about 5 to 7 per cent.  These observations with neutral iron are in 
harmony with the experiments with radio-iron but the radio-iron gives us 
t We are deeply indebted to Professor E. O. Lawrence and members of the Radiation 
Laboratory of the University of California for the radioactive iron used in these experi- 
ments, and in particular to Dr. M. D. Kamen who was directly responsible for preparing 
the isotope. 
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more security and the ability to follow small single doses of iron along its 
pathway within the body. 
It might be argued that this ineffective absorption is related to inability 
of the gastro-intestinal tract to keep large amounts of iron in the reduced 
state of valence thought by many to be a  necessary factor in absorption. 
The radioactive isotope again proves its value in the study of this problem. 
We are able to present evidence concerning the utilization of single doses 
of iron ranging from less than 1 rag. to 200 rag.  It appears in general that 
the percentage utilization becomes progressively greater as the dosage level 
is diminished but in no experiment was there evidence of complete absorp- 
tion even when the smallest amount was administered. 
It is probable that food factors, bile salts,  and other unknowns will be 
found to  influence the  rate  and  amount of iron  absorption.  When  the 
dog is not anemic and its iron stores well filled, the absorption of iron is 
negligible (4), a  fundamental observation which could be established only 
with the help of radio-iron. 
Methods 
The radioactive iron used was prepared in the cyclotron of the Radiation Laboratory 
of the University of California by the method of Wilson and Kamen (8).  Methods of 
determination of activity and preparation of materials for the same have been described 
at length in earlier communications (1, 3, 4). 
The general routine care and experimental procedures related to these anemic dogs 
have been described in detail (5, 7).  Hemoglobin  is recorded in per cent where 100 per 
cent =  13.8 gin. hemoglobin per 100 ml. of blood. 
EXPERIMENTAL  OBSERVATIONS 
The appearance of radioactive iron in the plasma can be followed quanti- 
tatively although the shape of the plasma iron absorption curve may vary 
within wide extremes.  The chief value of this method is concerned with 
the recognition of the time of maximum absorption.  It is no more practicable 
to attempt to determine the total amount of iron absorbed by this method 
than it is to try to estimate the total amount of sugar absorbed from a blood 
sugar  curve. 
The ultimate appearance of the radioactive iron in the circulating red 
blood cells provides a  quantitative measure of the total amount of absorp- 
tion.  This has been mentioned previously (2, 6) and is supported by experi- 
ments indicating that only small amounts of iron are found in the storage 
depots of the depleted anemic dog a few days after iron feeding (5).  Unpub- 
lished data obtained with the radioactive isotope  confirm these findings. 
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returned  as hemoglobin--that is  for 3.3  rag.  of iron  given,  1 gin.  hemo- 
globin will  be  produced. 
Table 1 lists the various experimental data relevant to these experiments. 
It is obvious at a  glance that the percentage of iron absorbed is greater 
with the small doses and as the iron intake rises the percentage absorption 
falls off rapidly.  A maximal absorption of 47 to 60 per cent appears with 
doses of 1.2  and 4.9 mg. iron, and 3.2  per cent absorption with a  dose of 
115 mg. Fe.  Radio-iron was given as ferric citrate, chloride, and sulfate. 
TABLE  1 
Radio-Iron Absorption and Experimental Data 
Experi- 
ment 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Dog No. 
37-202 
37-202 
37-202 
37-202 
37-227 
37-227 
38-137 
37-227 
Date 
12/12/38 
4/25/39 
9/14/39 
1/31/40 
7/19/38 
7/17/39 
2/20/39 
3/ 5/40 
~cight  Hema-  emo-  __  __t°crit  __l°bin 
kg.  [per cenJ  r cent 
7.9  23  55 
7.2  18  43 
8.8  22  57 
L1.9  19  51 
4.7  27  628 
5.8  21 
9.6  23  55 
5.7  9.~  20 
Plasma 
volume 
m/° 
615 
590 
570 
710 
240 
310 
605 
365 
31ooc 
olum 
mL 
765 
760 
850 
900 
365 
395 
855 
415 
Radio-Fe 
Tjotal  Activity  Fe ab-  sorbed 
mg.  counts per  peramount¢caJ 
m*n.  .fed 
115  11,020  3.2 
4.9  3,000  47 
55  66,500  4.2 
58  25,400  12.2  l 
84  45,800  6.8 
1.2  3,580  60 
42  ~ I0,200  30 
0.2  3,860  24 
i 
In Experiments 1, 2, 4, 5, and 8 (Table  1) the basal diet low in iron consisting of 
white bread, salmon, Klim, and cod liver oil (5)  was fed.  Lean beef supplanted this 
diet previous to the feeding of radio-iron for a period of 4 days in Experiment 6, 3 weeks 
in Experiment 3, and 2 months in Experiment 7.  The radio-iron was given in the form 
of ferric citrate (Table 1) in Experiments 2, 4, 6, and 8; as ferric chloride in 1 and 5; as 
ferric ammonium citrate in 3; and as ferric sulfate in Experiment 7. 
We  have  never  observed  any  significant  difference in  iron  absorption 
whether the metal was given as a  ferrous or ferric salt,  as an organic salt 
or  as  metallic iron. 
Charts A and B indicate the per cent of total iron absorbed in circulation 
at stated times, graphically representing the rate of u~ilization.  The per- 
centage utilization is given in column 11, Table 1. 
Chart A shows four curves (Experiments 5, 6, 7, and 8 in Table  1) indi- 
cating the rate of utilization of radio-iron in anemic depleted dogs.  It is 
evident that when very small doses of iron are administered the rapidity 
of appearance of this iron in  the circulating red blood cell is accelerated 
(dog 37-227,  Experiments 6 and 8). 734  RAPIDITY  OF I=fEI~OGLOBIN  ]~ORMATION 
It has been shown in this laboratory that the dog is capable of forming 
50 to 70 gin. of hemoglobin a week if the proper materials are available (6). 
Thus we may say conservatively that the rate at which iron can be utilized 
is probably over 22 mg.  per day.  It is of interest  therefore to note that 
when the dose fed was as low as 5 mg.  (Experiment 2, Chart B) the rate of 
appearance  in  the  blood stream  was  not  increased.  When  the  doses of 
1.2  mg.  and 0.2  rag.  (Experiments  6  and  8,  Chart  A)  were administered, 
however, the rate  of utilization  was increased as shown by a  shift to the 
left in the curve. 
The animals used in the standard experiments with radioactive iron were 
producing only small quantities of hemoglobin, since they were maintained 
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at  anemic levels on  a  basal  diet without iron  supplements.  It  appeared 
advisable  to  determine  whether  or  not  increased  hemoglobin  formation 
would  accelerate  the  rate  of  utilization  of  radio-iron.  Accordingly,  dog 
37-202  (Chart  B), whose rate of utilization  of iron had been studied with 
the use of radioactive iron on several occasions, and whose response to iron 
feeding had  been found to be fairly constant,  was given a  supplement of 
400 mg. of non-radioactive iron as ferric citrate daily for 2 weeks.  At the 
end  of this  period  hemoglobin  regeneration  was  actively  taking  place  as 
was indicated by the large amounts of hemoglobin which had to be removed 
to maintain a constant anemia level.  After one day in which the iron supple- 
ment was omitted from the diet a single dose of radioactive iron was given 
by garage.  The rate at which it appeared in the circulating  erythrocytes 
is graphically,represented  in Chart B, curve 3.  The maximum concentra- p.  1~.  HAHN,  J.  1  ~.  ROSS,  W.  •.  BALE,  AND  G.  H.  WHIPPLE  735 
tion in the red blood ceils is reached in 2 days' time, in contrast to the longer 
periods required in previous experiments with the same animal (Chart B, 
curves 1, 2, 4). 
Similarly dog 38-137  (Chart A, curve 7) fed a  diet of raw lean beef for a 
number of weeks preceding the feeding of radio-iron was producing nearly 
20 gm. of hemoglobin each week at the time of this experiment.  This is 
in contrast to the production of 1 to 7 gm. per week which the dogs produce 
on the low iron diet.  It will be seen that the rate of utilization (dog 38-137) 
is quite rapid,  approaching that of Experiment 3,  Chart B,  with 37-202. 
The progressive decrease in concentration of radioactive iron in the red 
blood cells as indicated in several of the curves in Charts A and B probably 
does not indicate loss of any considerable amount of radioactive iron from 
the circulation in a few days, but we believe is due to a dilution of the cell 
volume with new cells in which the hemoglobin iron is derived from exoge- 
nous sources and is of the non-radioactive variety.  A more complete analy- 
sis of the drop in these curves will be made at a later date in conjunction 
with other supplementary data. 
Chart B  shows the curves obtained following the administration of the 
radio-iron in the form of various salts and at various dosage levels in the 
same  dog,  37-202.  It is to be noted that these represent single feedings. 
It is of great interest to note that the isotope is  detectable in  the red cell 
in as little time as 4 hours after administration.  This has been pointed out 
briefly before (4).  That this iron is present in the form of hemoglobin and 
not merely adsorbed or otherwise combined in the red cell has been demon- 
strated, and the data regarding this point will be presented in a forthcoming 
publication. 
SUMMARY 
The formation of hemoglobin in  the anemic dog takes place at a  very 
rapid  rate.  Radio-iron is  detectable in  the  circulating red cells 4  hours 
after feeding.  The absorbed labelled iron is entirely converted into hemo- 
globin within 4 to 7 days under standard anemic conditions. 
When red cell production has been accelerated by iron feeding or diet 
factors or when the dose of iron is very small,  the dog  can turn out as 
hemoglobin almost all the absorbed radio-iron in 2 to 3 days. 
In  general,  absorption  of  radio-iron  as  shown  by  utilization  to  form 
hemoglobin in anemic dogs is more efficient in small doses in single feeding 
experiments.  As  the iron  intake  is  increased the  percentage absorption 
rapidly  falls. 736  RAPIDITY OF  HEMOGLOBIN FORMATION 
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